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ETHYLEME SORBIHG SUBSTANCES 

The present invention relates to new double- 
layered hydroxide materials and their use in a method for 
the remoyal of ethylene. 
5 Ethylene is an iiqportant determinant of the 

storage life of produce including fruits, vegetables and 
flowers. The removal of ethylene from storage atmospheres 
with chemical scrubbers has been investigated for more than 
forty years. For example, potassium permanganate is a 

10 useful reagent for removing ethylene, which has been used 
successfully both in apple storage rooms and as an in- 
transit package Insert for bananas. Although the reaction 
between ethylene and permanganate has long been used both 
as a qualitative test for alkenes and as a quantitative 

15 method for ethylene assay, ethylene is only removed slowly 
by dilute permanganate solutions. To overcome this 
difficulty, it has been suggested In the prior art to coat 
inert materials of large surface area with permanganate, 
dried, and used to remove ethylene. Materials which have 

20 been used as carriers for permanganate Include celite, 
perllte, vermlculite, silica gel, rice-hull ash and 
alumina preparations. 

Such permanganate coated materials have been 
partially successful. However, their success has been 

25 limited by the low loading of permanganate ion in such 
coats. Hbreover, the permanganate ion may leach out if 
the materials became wet. This is a particular problem in 
the storage and transfer of produce, since these are often 
accompanied by an atmosphere of high humidity. 

30 Accordingly It Is an object of the present 

invention to overcome, or at least alleviate, one or more 
of the difficulties related to the prior art. 

Accordingly, in a first aspect of the present 
invention, there is provided a 'synthetic double-layered 

35 permanganate material including 

a synthetic double-layered hydroxide material 
modified such that permanganate anion is Included to a 
level greater than approximately 20% of the theoretical 
anion exchange capacity of the hydroxide material within 
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its Interstices. 

Desirably, the permanganate anion is present in 
the material to a level of approximately 30% of, or greater 
than, the theoretical anion exchange capacity of the 
5 hydroxide material. 

The synthetic double-layered permanganate material 
so formed may be a synthetic hydrotalcite-type compound. 
The synthetic double- layered permanganate material may 
function as an oxidising agent. The synthetic double- 

10 layered permanganate material may function to remove 
organic compounds including ethylene where required. The 
synthetic double-layered permanganate material may exhibit 
high permanganate ion loading relative to the prior art, 
and reduced sensivity to water leaching. 

15 The synthetic double-layered permanganate material 

may be represented by the idealised general formula 

Vn<°«>2m+2n<«»04>n-(a+2b+3c>*aVc-*H20 

wherein 

M is divalent metal cation; 
20 N is a trivalent metal cation; 

A is a monovalent anion; 
B is a divalent anion; 
C is a trivalent anion; 

m and n are numbers such that m/n has values of 
25 approximately 1 to approximately 6; 

a, b, c and x are each numbers of from 0 to 
approximately 10. 

Preferably M is a divalent metal cation selected 
from magnesium, nickel, iron and Einc, or mixtures thereof. 
30 Preferably B is a trivalent metal cation selected 

from aluminium, nickel, iron, chromium or mixtures thereof. 

Preferably A is a hydroxide ion. 

Alternatively, or In addition, A and C may be 
selected from hydrophobic anions ais discussed below. 
35 Preferably synthetic double-layered permanganate 

material has the idealised general formula 

[«0l_^l,(OH>2] [(OH),{C03>j,(MhO^)^^_^_2^j] .xH^O 

friierein 0.20 S. x s. 0.5 

and 0.2 s. (x-a-2b)/x i 1.0 
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The synthetic double-layered permanganate material 
may be selected from the following hydrotalcite like 
minerals 

MgjAlj <OH) g (MnO^ ) 2 . 4H2O 
5 Mg3Al2<OH)jj(Mn04)2.4H20 

Mg4Al2 (OH) ^2 <""'4 > 2 •'*^2° 
MSgAlj (OH) ^4 (MnO^ ) 2 • ^HjO 

«96*l2<°»>16<"^4>2-*"2° 
MB^l2(OH)^3<IinO^)2.4H20 
10 MggAl2(OH)2o(«n04)2.4H20 

MS gAl2 (OH) ^5 [ ( CO3 ) „ 2 (MnO^ ) 1 . 6 • ^2° 
M06*4(OH)i6[(C03)o 2<M»04)o 4.4H2O 

"96*12 <°«) 16 1 <°«> X . 7 <*«°4 > 0 . 3 • * V 
15 MgsAl2(0H)is[(0H)„ gdtoO^)^ 7.4H2O 

Mg 5AI2 (OH) „ [ < CO3 ) 0 3 (OH) 0 5 (uao^ ) 0 „ . 4H2O 

MSgFej (OH) (MnO^) 2 . 4H2O 

M96C'2<°H>16<»»°4>2-«2° 
20 Hi5Al2(OH)^5(MnO^)2.4H20 
Ca5Al2(OH) ^5(11004)2. 4H2O 

2Vl2<°H>16<"^4>2-'»=2° 
ZHgAlj (OH) j5 (II11O4 ) 2 . 4H2O 
LiAlj (OH) g (ItoO^ ) . SHjO 
25 preferably 

MggAl2 (OH) (MnO^ ) ^ . AE^O 

In a preferred aspect of the present invention/ 
the 83rnthetic double-layered permanganate material may be 
modified to render it partially or substantially coinpletely 

30 hydrophobic. The synthetic double- layered permanganate 
material may be modified in any suitable manner. The 
synthetic double-layered permanganate material may be 
coated with a hydrophobic material. 

Accordingly in a preferred aspect of the present 

35 invention, the synthetic double-layered permanganate 
material is further modified to include a hydrophobic anion 
within its interstices. The hydrophobic anion may be 
derived from a long chain alJcyl acid material. Long chain 
allgrl carboxylic acids, sulphonic acids, phosphoric or 
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phosphonic acids may be used. A hydrophobic anion derived 
from a long chain alkyl carboxylic acid is preferred. 

The synthetic double-layered permanganate material 
may be modified to include a hydrophobic anion or anions 
5 within its interstices at the same time or subsequent to 
the inclusion of the permanganate ion within its 
interstices . 

The synthetic double-layered permanganate material 
may be utilised in the extension of storage li£e of produce 
10 as discussed below. For that purpose, the material may be 
provided in any suitable form. The material may be 
provided in a pelletised form. The material may be 
provided in the form of a sachet or in the form of a 
blanket. in the blanket form, the material may be 
15 designed to overlay the produce or produce packaging. 

Accordingly, in a further aspect of the present 
invention there is provided an ethylene sorbing pellet 
coDvosltion including 

an effective amount of a synthetic double-layered 
20 permanganate material modified to Include permanganate 
anions within its interstices; and 
a pelleting support. 

The pelleting support may function to aid 
formation and provide improved stability to the pellets so 
25 formed. The synthetic double-layered permanganate 
material may be of the type described above. The 
permanganate material is preferably 

M&gAlj (OH) 5 (Mn04-)2 . ttjO . 

The permanganate material may be present in 
30 amounts of from approximately 70% to 95% by weight based 
on the total weight of the pellet composition. 

The pelleting support may be of any suitable type. 
An organic or inorganic filler may be used. Alumina, 
silica or paraffins have been found to be suitable. 
35 The amount of pelleting support is preferably 

kept to a minimum so that ethylene sorbing ability is not 
significantly diminished. The pelleting support may be 
present in amounts of from approximately 5% to 30% by 
weight based on the total weight of the pellet composition. 
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Accotfliagly in a further embodiment of the present 
invention there is provided an ethylene sorbing pellet 
composition including approximately 70 to 95% by weight 
based on the total weight o£ the pellet composition of a 
5 synthetic double-layered permanangate material selected 
from magnesium, nickel, iron and sine, and N is a 
trivalent metal cation selected from aluminium, nickel, 
iron and chromium; and 

approximately 5 to 30% by weight based on the 
10 total weight of the pelleting composition of a pelleting 
support selected from alumina, silica and paraffins. 

In a still further aspect of the present Invention 
there is provided a method of preparing a synthetic 
double-layered permanganate material, which method includes 
15 providing 

a synthetic double-layered hydroxide 
material; and 

a source of permanganate anions; and 
mixing the synthetic double-layered hydroxide 
20 material and permanganate anions for a time sufficient to 
allow reaction therebetween. 

The synthetic double-layered hydroxide material 
may be a hydrotalclte-like mineral. The bydrotalcite-like 
mineral may be derived from compounds having the general 
25 formula 

»^"n<0H>2mi.2n*a-'«20 

wherein 

M is a divalent metal cation; 

H is a trlvalent metal cation; 
30 A is an hydroxyl ion or a mono-, di- or trlvalent 

anion which decomposes to form hydroxyl ions; 

m and n are Integers such that m/n has values of 
approximately 1 to approximately 6; 

a is an integer with the provisos that when A is 
35 a monovalent anion a - n, when A is a divalent anion a - 
l/2n, and when A is a trlvalent anion a - l/3m; and 

b is an integer having values of 0 to 10. 

Preferably the hydrotalcite-llke material is 
hydrotalcite having the formula 
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MggAljCOH) j^g(003^-) .4H2O 

In this case pre£erably at least approximately 
20%, more preferably approximately 50*. most preferably 
approximately 100% of the carbonate ion present is 
replaced by permanganate ion. 

The source of permanganate ions nay be potassium 
permanganate. The source of permanganate ions may be 
provided in the form of a solution. An aqueous solution 
may be used. 

The hydrotalcite-like material and aqueous 
solution of permanganate ions may be mixed and allowed to 
react for a period up to approximately 10 days, preferably 
approximately 1 hour to 3 days. The reaction may be 
conducted at elevated temperatures in order to speed up 
processing. Treatment of the hydrotalcite-like material 
may be repeated several times, with fresh batches of 
permanganate each time. 

The method of preparing the synthetic double- 
layered permanganate material may further include the 
preliminary step of heating the t^rArotalcite like material 
for a time sufficient and at a temperature sufficient to 
reduce or eliminate water of hydration and decompose any 
inter layer anions, such as carbonate ions. 

The material may be heated to a temperature of 
approximately 300 to 900»C. In a preferred form the 
sample is initially heated in air at a t«eerature of 
approximately 300 to 400»C for a period of approximately 
one to five hours. a final heat treatment is then 
conducted for a period of 1 to 2 hours at a ten^erature of 
approximately 400 to 600*C. 

The method of preparing the synthetic double- 
layered permanganate material may further include the 
subsequent step of 

isolating the reaction product; and 

drying the reaction product. 

The isolation step may include subjecting the 
extrusion solution to a centrifugation process. The 
drying step may include oven drying the product of 
centrifugation at a temperature of approximately lOO'C for 



wo 91/18835 



PCr/AU91/00246 



approximately 2 to 3 hours. 

In a preferred form, the reaction product may be 
formed into pellets. The pelleting step may be conducted 
in any suitable manner. Preferably the reaction product 
5 may be subjected to an extrusion step and dried to form 
pellets. 

The strength of pellets so formed is Improved. 
As discussed above, the synthetic double-layered 
permanganate material prepared as described above may be 
10 utilized as an oxidation agent and in particular in the 
removal of organic compounds. 

Accordingly, in a preferred aspect of the present 
invention there is provided a method for the extension of 
storage life of produce, which method includes 
15 providing 

produce in a suitable storage container; and 
a synthetic double- layered permanganate 
material including a synthetic double- layered 
hydroxide material modified to include 
20 permanganate anion within its interstices; and 

placing the synthetic double-layered material 
within, or in communication with, the suitable storage 
container. 

As discussed above, the synthetic double-layered 
25 permanganate material may be a material having the general 
formula 

»U'n<°«>2mH.2n<*'°4>n-(a+2b+3c>Wc-^2° 
wherein M, N, m, n and b are as described above. 

Preferably, the synthetic double-layered hydroxide 
30 hydroxide has the formula 

MOgAlj (OH) (MnO^") 2 • *^2^ 

NOre preferably, the synthetic double-layered 
permanganate material may be a synthetic double-layered 
Iqrarophobie material, as discussed above. In a particularly 
35 preferred form, the synthetic double-layered Iqrarophobic 
material may be formed from the synthetic double-layered 
material described above, further modified by inclusion of 
hydrophobic anions derived from a long-chain allorl 
carbozylic acid or a 11^1 sulphonic acid. 
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In a preferred form the synthetic double-layerefl 
material may be provided in a pelletised form. The 
material may be provided in the form of a sachet or in the 
form of a blanket. In the blanket form the material may 
5 be designed to overlay the produce or produce packaging. 

Alternatively, or in addition, where the storage 
container is provided with a controlled atmosphere e.g. in 
a refrigerated container, the material may singly be in 
communication with the controlled atmosphere. The material 
10 may be contained in a cartridge or the lika, with the 
atmosphere drawn over it by any suitable means. A pump or 
the like may be used. 

The present invention will now be more fully 
described with reference to the accoDvanying examples. It 
15 should be understood, however, that the description 
following is illustrative only and should not be takan in 
any way as a restriction on the generality of the 
invention described above. 

EXAMgLB 1 

20 Precursor PrM»r«Hn« 

A mixture of Hg{HO3)2.6H20 (230Bg) and 
Al(HO3)3.9H20 {I125g>, dissolved In HjO (51), were 
added with vigorous stirring to SaOH (1080g) and 
HajCOg (954g>, dissolved in HjO (51). The resultant 

25 white slurry was diluted with a further 51 of water and 
the mixture was stirred and heated to 100-C for 18 hours. 
After cooling, the white product was separated by 
centrifugation, washed eight tines with water (61) and 
re-centrifuged each time, until the washings exhibited a 

30 conductivity of <2 millisiemens per metre. The wet gel 
was dried on trays in an oven at 100*C for 16h, ground to 
-40 mesh and stored in sealed containers. 

The powder XKD of the sample (Figure la) 
exhibited a pronounced basal spacing at 7.74 Angstrom, 

35 indicative of a double layered hydroxide. 
Additive Preai.r.it.4nT. 

A sample of the above material (300g) was heated 
in air at 450-500*C for three hours, resulting in a weight 
loss to 195g. Its XRD as shown in Figure lb is very broad 
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and showed no basal spacing. 195g of the heated sample 
was stirred with a solution of KMnO^ (400g) in water (4 
litre) for 4 days, centrifuged down and washed with water 
{6 X 41 ml). After drying in an oven at SO'C for 18h, the 
5 purple powder was passed through a #100 mesh sieve. The 
XKD pattern of the resultant powder is shown in Figure 
1(c). The elemental analysis showed the Mg, Al and Mn 
content to be 22.4%, 7.8% and 4.5% (wt/wt) respectively. 
This indicates the HnO^- incorporated into the structure 
10 was 28% of the theoretical exchange capacity. The 
quantity of ^2^4 ^^^^^^ samples was 6.2 ml 

(STP) per 1 gram. 
Waahino 

0.5g of the potassium permanganate (5%) loaded 

15 adsorbent samples were dispersed in 10 ml of distilled 
water and stirred for 30 seconds. The mixture was 
filtered through a porous glass frit and the powder 
remaining on the frit was washed with a further 30 ml of 
distilled water. The washed powder was then tested for 

20 its capacity to adsorb ethylene. 

The ethylene uptake after washing provides a 
comparative measure of the combined effects of leaching 
removing the active permanganate component and water 
saturation hampering the access of ethylene to the high 

25 area surface of the adsorbent. 

The effects of moisture on the performance and 
leaching of the adsorbents is Important because of the 
high humidity prevalent during the storage of produce. 
Ethylene Sorption Teatlng 

30 The apparatus used to measure the ethylene 

adsorption of the various scavengers is schematically 
shown in Figure 2. The results obtained are used as a 
relative measure of the scavenger ability of the 
materials. A 115 ml conical glass beaker is loaded with 

35 either 0.005 g of powder and then sealed with an unused 
suba seal. Air containing ethylene (1150 tpa) is injected 
through the suba seal to give a total concentration of 10 
ppm in the beaker. The beaker is allowed to stand at 
constant temperature for seventeen hours beforie the 
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ethylene concentration of the gas in the beaker is 
determined using a gas chromatograph. 3 ml of air is 
injected into the beaker which pushes 3 ml of the san^le 
gas through a 1 ml sample loop on the gas chromatograph. 
5 The reproducibility of the technique was 

determined by dosing nine empty conical flasks with 
ethylene and determining the ethylene concentration in four 
of the beakers within one hour of dosing. The other five 
flasks were left to stand for five days and the ethylene 

10 concentration was determined. The areas under the gas 
chromatograph peaks for the four flasks were 13296, 13749, 
13105 and 13525 area units. The peak areas of the five 
flasks left to stand were 13342, 13734, 13425, 13039 and 
13228 area units. This demonstrated that no leakage 

15 occured from the flasks and that the dosing and gas 
chromatograph techniques used give reproducible results. 

The ethylene scavenging capacity of the various 
materials are quoted throughout the report as x %. This 
is the change in the area of the gas chromatograph peak 

20 over the seventeen hour period. Before each adsorption 
run at least one flask free of scavenger was tested as a 
blank to ensure the reproducibility of the results. The 
results are shown in Table 1. 

25 



30 
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TABLE 1 





adsorbent 


adsorbent 
+ KMnO^ 


adsorbent 
+ KMnO^ 
+ washing 


Pemanganate crystals 




20.7% 




Hydrotaldte 


0% 


83.3% 


12.9% 


Hydrotalcite calcined and 








loaded with permanganate 










0% 


100% 


100% 


ZSH5 high silica 


0% 


97.5% 


11.4% 


Silica gel 


0% 


88.0% 


2.2% 










X zeolite Ca exchanged 


0% 


62.6% 


0% 


X zeolite Ha exchanged 






9.6% 


Y zeolite H exchanged 






6.4% 


Hordenite H exchanged 






1.4% 


Mordenite Ha exchanged 






0.7% 



20 

EXAMPLE 2 

A fardrotalcitB containing permanganate was 
prepared using the same method as Example 1 except that the 
ageing period used for the hydrotalcite formation was 1 

25 week instead of 18 hours. The quantity of C^H^ 
reacted by the sample was 7.8 ml (STP) per 1 gram. 
Elemental analysis showed the Hg, Al and HQ to be 20.5%, 
7.5%, 6.3% (wt/wt) respectively. This represents 41% of 
the theoretical exchange capacity of a hydrotalcite with 

30 this Hg/Al ratio. 

EXAMPLE 3 

A hydrotalcite containing permanganate was 
prepared using the same method as in Example 2 except that 
900 ml of 40 wt% NattaO^ was contacted with 43 g of 
35 calcined Iqrdrotalcite and 34 g of 70% HCIO^ solution was 
added dropwlse over 0.5 hours, instead of the KMnO^ 
solution. The quantity of reacted by the sample 

was 5.95 ml (STP) per 1 gram. The elemental analysis 
showed the Mg, Al and Mn to be 16.9%, 6.1%, 4.88% (wt/wt) 
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respectively. This represents 39.4% of the theoretical 
exchange capacity of a hydrotalcite with this Mg/Al ratio. 



Hydrotalcite containing permanganate was prepared 

with a Mg/Al ratio of 2:1. The method of Example 1 was 

used with the quantities changed to 

Magnesium nitrate hexahydrate 137 g 
Aluminum nitrate monohydrate 100 g 

(both In 60 ml of water) 

Sodium hydroxide 75 g 

Sodium carbonate 42 g 

(both in 100 ml of water) 

and the ageing period reduced to 18 hours. The hydrotalcite 
was dried at 50«C for 18 hours, then heated to 500»C for 2 
hours. All the heating was carried out in air. The 
calcined hydrotalcite (lOg) was added to a 10% (wt/wt) 
solution of KMnO^ (lOOg) in water (11). The mixture was 
sealed and stirred at room temperature for 3 days. The 
solid was separated from the solution by centrifugation 
and then washed by dispersing in 11 of distilled water and 
recentrifuging followed by decantation. This washing was 
repeated five times. The sample was dried at 80»C 
overnight. The XRD analysis of this material showed a 
basal spacing of 8.6 and 7.9 Angstroms. Elemental 
analysis showed the Mg, Al and Mn to be 17.8%, 7.67% and 
7.02% (wt/wt) respectively. This represents 45% of the 
theoretical exchange capacity of a hydrotalcite Btnicture 
with this Mg/Al ratio (2:1). The quantity of CjH^ 
reacted by the material was 7.6 ml (STF) per 1 gran. The 
quantity o£ MnO^ leached from the sample when 1 gram was 
stirred with 100 ml of distilled water for 10 nin was 5.5 
mg/g. 



A material containing permanganate was prepared 
with a Hg:Al ratio of 3:2. The method of Example 4 was 
used with the quantities changed to 

Magnesium nitrate hexahydrate 77 g 

Aluminum nitrate monohydrate 75 g 

(both in 70 ml of water) 
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Sodium hydroxide 48 g 

Sodium carbonate 32 g 

(both in 110 ml of water). 

The material was calcined, contacted with KMnO^ 
and washed by the same methods given in Example 4. The 
san^le was dried at 50*C overnight. 

Elemental analysis showed the Mg, Al and Hn to be 
19.1%, 9.25%, 6.66% (wt/Wt) respectively. This analysis 
represents 35.4% o£ the theoretical ion exchange capacity 
of a faydrotalcite structure with this Mg/Al ratio. The 
quantity of CJi^ reacted by the material was a 3.7 ml 
(STP> per 1 gram. The quantity of MnO^~ leached 
from the sample when 1 gram was stirred with 100 ml of 
distilled water for 10 min was 7.5 mg/g. 

The XBD analysis of this material showed a broad 
basal spacing of 30 Angstroms as well as basal spacing of 
8.4 Angstroms indicating the presence of both permanganate 
and allorl sulfate in the structure. The quantity of 
CjH^ reacted by the sample was 7 ml (STF) per 1 g. 
The quantity of HBO^' leached from the sample when 1 
g was stirred with 100 ml of distilled water for 1/2 hour 
was 20 mg/g. The sanqple was difficult to wet with water. 



A hydrotalcite like material containing 
permanganate was prepared using Hg:Fe ratio of 3:1. The 
starting Iqrdrotalcite was made by adding 

Magnesium nitrate hexahydrate (153.9 g) and 

Iron nitrate hydrate (80.8 g) in 

(both in 300 ml of water) 

to 

Sodium hydroxide (72 g) and 

Sodium carbonate (31.8 g) in 

(both in 100 ml of water). 
The slurry was homogenized, charged into a 400 ml 
autoclave and heated and stirred at 125 'C for 18 hours. 
The hydrotalcite-lilce material was isolated by the same 
method used in Example 1. 

The hydrotalcite was then calcined at SOO°C for 
18 hours, contacted with permanganate and isolated by the 
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same method used in Example 1. 

Elemental analysis showed «g, Fe and Hn to be 
20.5%, 27.9%, 1.4% (wt/wt) respectively. The quantity of 
C^H^ reacted by the material was 3.1 ml (STP) per 1 
5 gram. 

EXAMPLE 7 

A hydrotalcite like material containing 
permanganate was prepared using Ca:Al ratio of 3:1. The 
starting hydrotalcite like material was made by adding 
10 Calcium carbonate (eog) 

Aluminium turnings (5.4g} 
(both dissolved in 50 ml water and 150 ml of concentrated 
perchloric acid) 
to 

15 Sodium hydroxide (72g) 

(in 50 ml of water). 

The slurry was homogenized, charged into a 400 ml 
autoclave and heated and stirred at 130°C for 4 days. 
The hydrotalcite like material was washed in distilled 

20 water (11) six times and isolated by centrifugation. The 
material was then calcined at 500°C for 18 hours. The 
solid (2g) was contacted with KHnO^ (Sg) in 50 ml of 
water for 18 hours. The solid was then washed in 
distilled water (250 ml) six times and then dried at 

25 50°C. 

The elemental analysis showed Ca, Al and Hn to be 
26.9%, 7.57% and 6.04%. This represents 39.2% of the 
theoretical exchange capacity of the hydrotalcite like 
structure. The quantity of CjH^ reacted by the 
30 material was 7.1 ml (STP) per 1 gram. 

Pellets were prepared from the hydrotalclte- 
permanganate materials by extruding the materials in a wet 
gel state through a 3 mm die and' allowing the gel to then 
35 dry. The materials produced in Examples 1, 3, 4 and 5 
were extruded into pellets by the above method. A 5th 
sample was produced by taking pellets produced in 1 and 
coating the pellets with a thin parafin film. The 6th and 
7th samples are commercially available permanganate loaded 
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pelletB known as "bloom fresh* and 'ethysorb" 
respectively. The elemental analysis of samples 6 and 7 
is given in Table 2. 

TABLE 2 

5 Elamental AnalvBia (% wtArt:^ 



Al SI Ca Ha Ma 



Pellet sample 6 38 0 0.05 0.4 1.0 

10 Pellet sample 7 42.3 0 0.02 0.2 1.2 



The leaching of KaO^~ from the pellets was 
determined by contacting 1 gram of pellets with 100 ml of 
water for 10 min and determining the concentration of 
HnO^~ in the water by D7 visible absorbance. 

The results are given in Table 3. 

TABLE 3 



pn CBntact with mtn 



HnO.~ leached (mg/g) 



9.6 
14.4 



EXAMPLE 9 

Pellets of hydrotalcite' containing permanganate 
35 were prepared using binders. The attrition strength of 
these pellets was compared to two commercially available 
pellets. The hydrotalcite pellets containing permanganate 
were prepared by the method given in Ezaiaple 8 and the 
binders used were added to the wet gel prior to extrusion. 
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The material produced in Example 1 was used to produce the 
pellets. The binders added the wet gel were 10% sodium 
montmorlllonite (sample 2), 25% gamma alumina (sample 3), 
25% sodium montmorillinite (sample 4) and 25% silica 
(sample 5) . Sample 1 was the extrudate produced without 
binder. Sample 6 is the material produced in Exai^ple 1 
pressed to 3000 psi. Sample 7 is the "bloom fresh' 
pellets and sample 8 is the 'Ethysorb" pellets. Elemental 
analysis is given in Table 2. 

The attrition strength of the pellets was 
determined by weighing the powder smaller than 300 urn 
produced with 1 g of pellets is shaken in a 4 cm dia x 10 
cm sample tube for 1 hour at 10 cycles/sec with an 8 mm 
amplitude. The results were given in Table 4. 

TABLE 4 
Powder leas than 300 urn 

Sample Powder (% wt) 



30 These results show that hydrotalcite based 

pellets produced by pressing are not as attrition 
resistant as pellets produced by extrusion of wet gels 
followed by drying. Further, that the use of these 
binders is not necessary and that the bydrotalcite based 

35 pellets are' as attrition resistant as the commercially 
available pellets. 

B3gmpi.B 10 

Ethylene reaction capacity of the powders and 
pellets was determined by sealing 0.05 g of powder or 1 g 
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of pellets Into a glass ampoule. The glass ampoule was 
sealed into a 130 ml flask when using powders and all 
flask when using pellets. The flasks were sealed with new 
rubber Suba seals. Pure ethylene was injected into the 
5 flasks; 0.5 ml for the powder samples and 10 ml for the 
pellet samples. The C^H^ concentration was accurately 
determined by taking 0.5 ml samples from the flasks and 
injecting into a gas chromatograph fitted with an alumina 
column and a flame ionization detector. The ampoules were 

10 then smashed by shaking the flasks. The CjH^ 
concentration was then determined accurately by the same 
method at 2 hour, 8 hour, 1 day, 2 day and 5 day 
intervals. The quantity of CjH^ reacted was thus 
determined. Blank flasks were treated in the same fashion 

15 to ensure leaks were not occurring. The ethylene uptake 
of various powders and pellets are given in Table 5 along 
with the HnO^ loading of the saniples. 

Table 5 

20 1 

Sample C^H^ Uptake % Mn 

ml(6TP)/g 





Example 


1 






6. 


.2 


4.8 


25 


Exanvle 


2 






7, 


.8 


6.3 




Ezanple 


3 






6. 


.0 


4.9 




Ezantple 


4 






7, 


,6 


7.0 




Ezan^le 


5 






3. 


,72 


6.7 




Ezaiqple 


6 






3. 


,14 


1.4 


30 


Ezaiq>le 


7 






7. 


,08 


6.1 




Ezaiqple 


a - 


sample 5 




3. 


,32 






Example 


8 - 


sample 6 




0. 


,95 


1.0 




Example 


8 - 


sample 7 




1. 


.8 


1.2 




•Example 


8 - 


sample 6, 


washed twice 


0 




0.23 


35 


■Example 




sample 7, 


washed twice 


0 




0.14 



* washing was carried out by contacting 10 g of solid with 
100 ml of water, stirring for 1/2 hour, centrifuging the 
mixture then decanting the water to leave the washed solid. 
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These results show that the hydrotalcite 
containing permanganage has 3 to 9 times the capacity of 
the commercially available samples. This capacity is 
retained even after the samples have been washed (the 
5 hydrotalcites containing permanganate were washed between 
2 and 6 tines during production) whereas the commercial 
samples lost their capacity after washing. 

EXAMPLE 11 

The hydrotalcite containing permanganate material 

10 produced in Example 2 and the commercially available 
"Bloomfresh" and "ethysorb" were ground into a powder and 
used to reduce the ethylene concentration of the atmosphere 
surrounding stored pears. The powders were all less than 
300 urn and larger than 106 urn. The elemental analyses of 

15 the commercial materials are given in Table 2. The powders 
(0.5 g of each) were sealed into 8 cm z 8 cm sachets with 
one wall of the sachet being spunbonded polyethylene 
(spunbonded polypropylene could also have been used) 
commercially available as Tyvek 10593 and the other wall 

20 being 50 um polyethylene film. Four pears were stored with 
one sachet in a sealed polyethylene bag. Eight replicas of 
each experiment were carried out. Another preferred 
packaging option was tested where the spunbonded 
polyethylene was heat sealed to the inside wall of the 

25 polyethylene bag and filled with 0.5 g of the powder thus 
avoiding the need for both a bag and a sachet. Table 6 
gives the ethylene concentration in the bags for the 
various sanqples. 

30 



35 
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Sample 


Day 1 


Day 6 


Day 13 


Day 19 


No sachet 


5.2-17.0 


5.3-18.1 


7.5-22.2 


16.4-55.8 


Sachet containing 










Bloomfresh 


1.0-2.8 


1.8-4.3 


4.1-18.4 


29.1-52.1 












Ethrsorb 


1.0-1.4 


0.8-2.1 


1.7-3.5 


17.5-31.6 


Sachet containing 










Example 1 


0.2-0.8 


0.4-1.1 


0.8-2.1 


4.1-14.5 


Bag containing 










Example 1 


0.2-0.7 


0.3-1.1 


0.6-2.7 


3.5-16.3 


Temperatuze of 










storage 


0"C 


O'C 


O'C 


lO^C 



Finally, it is to be understood that various 
20 other modifications and/or alterations may be made without 
departing from the spirit of the present invention as 
outlined herein. 



30 
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ClaiiDs: 

1- A synthetic double-layered permanganate material 

including a synthetic double- layered hydroxide material 
modified such that permanganate anion is included to a 
5 level greater than approximately 20% of the theoretical 
anion exchange capacity of the hydroxide material within 
its interstices. 

2. A permanganate material according to Claim 1, 
having the general formula 

10 •V'»n<°«>2m+2n<«"°4>n-(a+2b+3c>*aBbCe.xH20 
wherein 

H is divalent metal cation; 
H is a trivalent metal cation; 
A is a monovalent anion; 
15 B is a divalent anion; 

C is a trivalent anion; 

m and n are numbers such that m/n has values of 
approximately 1 to approximately 6; 

a, b, c and x are each numbers of from 0 to 
20 approximately 10. 

3. A permanganate material according to Claim 2, 
wherein M is a divalent metal cation selected from 
magnesium, nickel, iron and zinc, and N is a trivalent 
metal cation selected from aluminium, nickel, iron and 

25 chromium. 

4. A permanganate material according to Claim 2 
having the general formula 

f"9l-**lx<°H> 2" (OH) a <«>3 > b<"*'°4> (x-a-2b) ^ ' ^2° 
wherein 0.20 i. x ± 0.5 
30 and 0.2 i (x-a-2b)/x i 1.0 

5. A permanganate material according to Claim 3, 
selected from 

MgjAlj (OH) g {BnO^ ) 2 . 4H2O 
MSgAlj (OH) (MnO^ ) ^ • 4H2O 
35 »^4Al2(0H)j2<Mii04)2.4H20 
Mg5Al2 (OH) j4 (MnO^ )2'*^2° 
MBgAl2 (OH) (MnO^ ) ^ . 4H2O 
Mg^lj (OH) (uno^ ) 2 . 4H2O 
M98"2(™>20(**'°4>2-'*«20 
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MggAlj (OH) [ {CO3 > 0 2 (M°04 > 1 . 6 ' '*»2° 
MgjAlj (OH) [ (CO3 > „ 2 (ItoO^ ) 0 ^ . 4H2O 
«36*l2 <°H) 16 [ (OH) 1 (MnO^ ) ^ 3 . 4H2O 
MggAl^ (OH) [ (OH) 0 3 (MnO^ ) ^ 7 . 4H2O 
5 MggAl2(OH)^5[(C03)o 3(OH)o 5(Mn04)j, g.4H20 

MgjFej (OH) (MttO^ ) 2 . 4H2O 
Hg6Cr2 (OH) jg (MBO^ ) 2 . 4H2O 
NigAl2(0H)ig(Mh04)2.4H20 
10 CagAl2(OH)^g(Mn04)2.4H20 
ZngAl2(OH)^g{MnO4)2.4H20 
ZHgAlj (OH) ig (MBO^ ) 2 . 4H2O 
LiAl2 (OH) g (MBO^ > . 5H2O 

6. A penunganate material according to Claim 1, 
15 further modified to include a hTdrophobic anion within its 

interstices. 

7. A permanganate material according to Claim 6, 
wherein the hjrdrophobie anion is derived from a long chain 
alkyl acid selected from long chain alkyl carbozylic 

20 acids, sulphonic acids, phosphoric or phosphonic acids. 

8. An ethylene sorblng pellet composition including 
an effective amount of 

a synthetic double-layered permanganate material 
modified to include permanganate ions within its 
25 interstices; and 

a pelleting support. 

9. An ethylene sorbing pellet composition including 
approximately 70 to 95% by weight based on the 

total weight of the pellet composition of a synthetic 
30 double-layered permanangate material having the general 
formula 

[Mgi_^l^(0H)2] [(OH)^(C03)^(lto04) (,_a_2b)l •*H2° 

wherein 0.20 ^ x ^ 0.5 

and 0.2 ^ (x-a-2b)/x'^ 1.0 

35 wherein 

H is divalent metal cation selected from 
magnesium, nickel, iron and zinc or mixtures thereof; 

N is a trivalent metal cation selected from 
aluminium, nickel, iron and chromium or mixtures thereof; 
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m and n are integers such that m/n has values of 

approximately 1 to approximately 6; 

b is an integer of from 0 to appEoximately 10; and 
approximately 5 to 30% by weight based on the 
5 total weight of the pelleting composition of a pelleting 

support selected from alumina, silica and paraffins. 

10. A pellet composition according to Claim 9, 
including from approximately 70 to 95% by weight based on 
the total weight of the pellet composition of a 

10 permanganate material selected from 

ligjAlj (OH) 3 (MnO^ > 2 . 4H2O 
l^gAlj <0H) (uno^ ) 2 . 4H2O 
Mg^Alj (OH) j2 (ItoO^ ) 2 . MjO 
15 Mg5Al2<0H)^4(llW)^)2.4H20 
«a'6*l2<°=>16<"»'°4>2-*=2° 
Mg^lj <0H) X8 1"**°4 > 2 ■ *^2° 
Mg3Al2 (OH) 20 (MilO^) 2 . 4H2O 

20 «S6*l2«H)is[{C03)o 2<»>04)l.6-'*H20 

"96*l2«°=>16C<«>3>0.2<"«'4>0.4-*H2° 
MggAl2(0H)j^5[(0H)^ ^(miO^)^ 3.4H2O 

«96*l2<0=>16t<°«>0.3<"°°4>1.7-«2° 
"96*l2<°«)l6l<«'3>0.3<°=>0.5<"^4>0.9-«2° 

25 

"a6'«2<0=>16<"»°4>2-'*«2° 
BiggCr2 (OH) (MBO^) 2 • 4H2O 
HigAl2 (OH) (KnO^) 2 . 4H2O 
CagAl2 (OH) (MBO^) 2 . 4H2O 
30 ZngAl2(OH)j^g(MnO^)2.4H20 
ZngAl2(OH)„(MnO^)2.4H20 
LiAl2(OH)g(IIB04).5H20 

from 5 to 30% br weight based on the total weight 
35 of the pellet composition of a pelleting support selected 
from alumina, silica and paraffins. 

11. A method of preparing a synthetic double-layered 
permanganate material, which method includes 

providing 
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a synthetic double- layered hydroxide 
material; and 

a source o£ permanganate anions; and 
mixing the synthetic double- layered hydroxide 
5 material and permanganate anions for a time sufficient to 
allow reaction therebetween. 

12. A method according to Claim 11, wherein the 
synthetic double- layered hydroxide material is a confound 
having the general formula 

10 »Vn<°H>2m+2n*a-»»»20 
wherein 

H is a divalent metal cation; 
H is a trlvalent metal cation; 

A is an hydroxyl ion or a mono-, di- or trlvalent 
15 anion which decomposes to form hydroxyl Ions; 

m and n are integers such that m/n has values of 
approximately 1 to approximately 6; 

a is an integer with the provisos that when A la 
a monovalent anion a ■ n, when A is a divalent anion a » 
20 l/2n, and when A is a trlvalent anion a = i/3m; and 
b is an Integer having values of 0 to 10. 

13. A process according to Claim 12, wherein the 
synthetic double-layered hydroxide material is mixed with 
an aqueous solution of permanganate ions for a period of 

25 approximately 1 hour to 3 days. 

14. A method according to Claim 13, which method 
further includes the preliminary step of heating the 
hydrotalclte like material for a time sufficient and at a 
teqperature sufficient to reduce or eliminate water of 

30 hydration and decompose any inter layer anions, such as 
carbonate ions. 

15. A method according to Claim 14, wherein the 
material is heated to a temperature of approximately 300 
to 550»C. 

35 16. A method according to Claim 12, further including 
the subsequent steps of isolating the reaction product and 
drying the reaction product. 

17. A method for the extension of storage life 

produce, which method includes 



wo 91/18835 



PCT/AU9I/00246 



-24- . 

providing 

produce in a suitable storage container; and 
a synthetic double-layered permanganate 
material including a synthetic double-layered 
5 hydroxide material modified to include 

permanganate anion within its interstices; and 
placing the permanganate material within, or in 
connninication with, the suitable storage container. 

18. A method according to Claim 17 wherein the 
10 permanganate material is selected from 

I"9l-**lx<°=>2"<°«>a<C03>b<«n04) (^.a-2b)^ -^2° 

wherein 0.20 ^ x ^ 0.5 

and 0.2 s. (x-a-2b)/z i. 1.0 

19. A method according to Claim 18, wherein the 
15 permanganate material is selected from 

MgjAlj (OH) g (BnO^ ) 2 . 4H2O 

«03*4<°«>10<"»O4>2-*=2O 
l»9^lLl2 <OH> <"»°4 > 2 • *^2° 
llg5Al2 (OH) (HnO^ ) 2 . m^O 
MggAlj (OH) (llnO^) j .«20 
Mg7Al2(OH)j^g(lInO^)2.4H20 
MagAl2 (OH) 20 (MttO^ ) 2 . 4H2O 

llggA^ (OH) [ (CO3 ) 5 2 (MnO^ ) 1 g . 4H2O 
IIS5AI2 (OH) [ (OO3) J, _ 2<»»04) 0 .4 .4H2O 
l!g5Al2(0H)^g[(0H)j^ ^imo^)^ ^.AB^O 
«ggAl2 (OH) ^5 [ (OH) 0 ; 3 (MnO^) ^ \ , . 4H2O 
Mg gAl2 (OH) ^g [ ( OO3 ) 0 3 (OH) 0 5 (Mn04 ) 0 „ . 4H2O 

"96'*'2<°H>16<*'°4>2-«2° 
l^gCrj (OH) (HnO^ ) 2 . 4H2O 
HigAl2(OH)jg(HnO^)2.4H20 
Ca5Al2(OH)jg(Mn04)2.4H20 ' 
ZVl2<°H>i6<Ito04)2.4H20 
ZngAl2(0H) j^g(lto04)2 .4H2O 

LiAl2(0H)g(MIi04) .5H2O. 

A method according to Claim 19 wherein the 



25 



30 



35 
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permanganate material Is provided in the form ot peiiers. 
21. A synthetic double-layered permanganate material 

substantially as hereinbefore described, with reference to 
any one of the Examples. 
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